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party without NERC’s written consent."
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BACKGROUND
Over 60 small ( 1 - 70 ha ) lakes punctuate the Shropshire-Cheshire Plain of the English 
North-West Midlands. They occupy, exclusively, basins formed in glacial drift deposited 
during the most recent (Devensian) advance and the morphologies of many conform to a 
lcataglacial origin as either kettle holes, pingos, moraine-dammed hollows or residual 
proglacial lakes (Gemmel & George 1972). The clustered distribution, associated with sandy 
outwash material or distinctive morainic landforms, is also consistent with a late-glacial 
origin. Several basins in Cheshire overlie salt-bearing strata of Triassic age and a natural 
origin analogous to the formation of the ’flashes’ in the Northwich-Winsford district, as a 
consequence of brine-pumping, has been tentatively suggested; certainly, evidence consistent 
with subsidence has been found at five locations (Tallis 1973).
The basins are predominantly groundwater fed. Each basin has a unique hydrology and, 
because of local differences in the porosity and composition of the drift, a unique 
hydrochemistry. Thus, some, such as Oak Mere and Sandiway Pool, are extremely base-poor, 
while others are calcareous,hard-watered examples (Rostherne Mere,Great Budworth Mere). 
Without exception, however, all seem to be moderately to very rich in dissolved plant 
nutrients.
The classical baseline is the survey carried out by Gorham (1957). In a later survey of these 
lakes, Reynolds (1979) found considerably elevated levels of nitrates in the various waters, 
while in the cases of Mere and Rostherne Mere, there were also increases in sewage-derived 
phosphorus. So far as the biomass of plankton populations were concerned, the already high
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algal biomasses were not greatly altered, because of the naturally high nutrient state, but the 
effect of the additional nitrogen was apparently removing the competitive advantage 
previously afforded to nitrogen-fixing, bloom-forming cyanobacteria.
No further systematic work has followed. Two recent developments have, however, increased 
the need for an update on the state of these lakes. The first is the recognition of the 
seriousness of cyanobacterial toxicity as a threat to water users, whether for leisure or 
agricultural (stock watering, irrigation) and the general belief of the implicit role of plant 
nutrients in the production of algal blooms: are these waters more dangerous as a result of 
increased nitrogen content and what lessons can we apply to other "high-risk" waters? The 
second is the consequences for species composition of the plankton; far from the obviation 
of nitrogen limitation leading to benign populations of green algae and diatoms, the long 
retention times coupled with extreme fertilities is likely to (and, perhaps, has already) given 
rise to Oscillatoria dominance. Oscillatoria species can be toxic under certain conditions -they 
have already been implicated in cattle deaths at Rostherne (Reynolds 1980). In addition, they 
are also prejudicial to food-web structure and to fish populations (Banks 1970, Goldspink 
1978).
The present proposal is to use a well-tested condition-check on key Cheshire Meres, looking 
at the present nutrient-state and the seasonal structure and relative species-abundances of the 
phytoplankton. This information will enable the NRA to make some overall appraisal of the 
advance, or otherwise, in trophic condition and its impact upon the perception, use and 
management of these nationally important sites.
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OBJECTIVES
a) To undertake a systematic water quality survey of key Cheshire Meres including 
Rostherne, Mere, Tabley, Budworth, Pick, Oak, Hatch and Booths.
b) To interpret the information obtained in the context of previous surveys by Gorham 
(1957) and Reynolds (1979).
c) To provide a report appraising the National Rivers Authority (North West Region) of 
the changes in trophic status of the Cheshire Meres in relation to their use and 
management.
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STRATEGY
The approach will utilize well-established methods in an authenticated monitoring strategy. 
The proposal is based on the assumption that access will be obtained for each site and that 
sampling will be undertaken from one of the IFE’s small boats. In the event of any 
unsurmountable problems of boat access, water quality will be determined from surface dip- 
samples. The following monitoring programme will be undertaken on a quarterly basis for 
each water body:-
a) Vertical profiles in the field for temperature and dissolved oxygen using the 
Windermere Profiler (see Appendix I).
b) Secchi-disc readings to determine the depth of light extinction.
c) Nutrient analyses (0-5 metre integrated sample) for N 03-N, NH4-N, total P, P04-P and 
Si02.
d) pH determination and alkalinity on surface dip sample.
e) Chlorophyll a determination for 0-5 metre integrated sample.
f) Algal counts (to species, where possible) for 0-5 metre integrated sample.
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TIMESCALE
The programme of work is scheduled for the period January to November 1994. the four 
sampling dates will be January/February, March/April, July, August/September.
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STAFF
Project Leader: C S Reynolds
Field sampling: J B James
J E Cony
Algology: C Butterwick
J E Corry 
C S Reynolds 
Chemistry: J P Lishman
E Rigg
Full CV of the Project Leader is in Appendix II of this proposal.
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FINANCIAL
The Schedule of Costs has been broken down into the various activities outlined in the 
proposal. All costs are calculated at 1993/94 prices. Revaluation for each year will be based 
on the Retail Price Index for the preceding year (January to January).
Schedule of Costs (by Activity) at 1993/94 prices
Activity 1993/94 1994/95
Field Sampling 792 2,376
Chemistry 1,230 3,690
Algology 1,488 4,464
Project Management 288 864
Report Production 500
Totals £3,798 £11,894
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APPENDIX I 
The Windermere Profiler
W i n d e r m e r e  P r o f i l e r  2
Natural Environment Research Council
Windermere Profiler 2
Introduction
The Windermere Profiler is an instrument 
developed by the Institute of Freshwater 
Ecology to enable many water quality 
parameters in lakes, reservoirs and rivers to be 
gathered easily in the field. Using 
microprocessor technology in the form of an 
environmentally sealed hand-held 
microcomputer, the instrument displays 
continuously updated readings which can be 
optionally stored, and displayed as a simple 
graph on the microcomputer screen. More than 
20 profiles can be stored and, on return to the 
laboratory, the data can be transferred to a 
personal or mainframe computer for further 
processing. Stored data can be reviewed and 
printed out in both the laboratory and the field.
Single person operation
An environmentally sealed hand held 
microcomputer which can typically store 20 or 
more profile data sets
Ease of use — the microcomputer displays 
options available for the operator to select
Readings appear directly on the internal display
Field operation using an internal rechargeable 
batter/
Highly accurate measurements and superb 
long-term stability
Designed to withstand harsh conditions —used 
not only in Europe but also in Zimbabwe, 
Turkey and the Antarctic
The Profiler features:
The Profiler measures:
★ Sampling depth
★ Temperature
★ pH
★ Dissolved oxygen concentration
★ Light intensity at the surface
★ Light intensity at depth
★ Electrical conductivity
New cylindrical housing
Easy access to the sensors
No internal adjustments
15-bit resolution (1 part in 30,000) on all 
channels
Use to 100m depth
A millivolt input is available to which the chart 
recorder output from most other instruments 
can be connected
Other instrumentation available 
from the Institute of Freshwater 
Ecology
Available now:
★ M ulti-spectral Underwater Light 
Sensor
A unit which can simultaneously 
measure incident light at five specific 
wavelengths. This can either be 
connected to a Windermere Profiler 2 
or a stand-alone unit.
★ fi-Profiler (Fine Temperature  
Structure Data Logger)
This instrument is designed to allow 
the fine temperature structure of the 
top few centimetres of the water 
column to be recorded.
Under development:
★ Low-cost Flow Injection Apparatus
This will enable low-level Nitrite, 
Nitrate, Phosphate and Ammonia 
determinations to be performed using 
the flow-injection technique.
Further information on any of the above 
products is available on request.
LATEST DEVELOPMENTS OF THE WINDERMERE PROFILER 2
* Optional Automatic pediment detection.
The operator is advised when the profiler is close to the lake sediment. 
This allows measurements to be taken within centimetres of the sediment 
without disturbing it.
* Optionally supplied with a rugged IBM-compatible computer.
Although it has always been possible to download the data from the 
Windermere Profiler 2 to an IBM PC or indeed almost any other computer, a 
rugged IBM PC compatible computer is now available in place of the standard 
rugged computer supplied with the instrument. This means that when you are 
not using the computer with the Windermere Profiler 2, you can use it to 
run almost any of your favourite commercial software available for the 
IBM PC.
C ontact: M . R ouen
Institute of Freshwater Ecology Tel (05394) 42468
Windermere Laboratory Fax (05394) 46914
Far Sawrey Head of Northern Division: Dr. A, D. Pickering
Ambleside Cumbria LA22 OLP Director: Professor J. Gwynfryn Jones
The microcomputer can be used for other 
applications when the Profiler is not in use.
A choice of hand-held microcomputer is 
available.
Future development:
★ Alternative sensors will be available
★ Float-mounted sensor assembly for lateral 
rather than vertical profiles of rivers
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Name of person 
Nationality 
Date of birth 
Profession
Professional qualifications 
Position
Years with employer
: Freshwater Biological Association (seconded to 
Institute of Freshwater Ecology, 1989-date)
: Colin S. REYNOLDS 
: British 
: 1.6.1942
: Research Biologist
: B.Sc.; Ph.D; D.Sc. (University of London).
C.Biol. F.I.Biol-.
: Senior Principal Scientific Officer (Individual 
Merit Promotion, 1985)
: 23 (Present employer, commenced June, 1970); 
previously on FBA payroll 1965-1968.
Key Experience
Ecology of Phytoplankton (of Lakes and Rivers) in relation to broad environmental characters. 
Application to water quality problems in management and design. General founding of other 
aspects of environmental ecology and education.
Consultancies and commissions have included contracts from overseas.
Education
Schoolcareer (leading to 3 ‘A’ level passes, Univ. of London Board): Barking Abbey School, 
Barking, Essex: 1953-1960.
A.M.I.Biol. In respect of part-time course in Applied Biology (at the South-East Essex 
Technical College, 1960-1962).
B.Sc. Attained at University of London, September 1965 (degree course at the erstwhile Sir 
John Cass College, 1962-65).
Ph.D. attained at University of London, September 1971, (in respect of research project 
supervised by Freshwater Biological Association): 1965-68.
F.I.Biol, C.Biol awarded by Institute of Biology, January 1990.
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Experience
Key experience with F.B.A. gained in the Ecology of Phytoplankton of freshwaters (lakes and 
rivers), in relation to broad environmental properties (light income; stratification and 
turbulence; nutrient availability). D.Sc. awarded. Knowledge founded on personal researches 
undertaken on a diverse range of lakes and reservoirs, and, especially, the extension of 
long-term, lake-scale experiments in large plastic enclosures (Lund Tubes). One definitive 
book, published 1984; also numerous contributed chapters to multi-authored editions (see List 
of Publications attached) Also guest-edited one volume of Ergebnisse der Limnologie (No 
35) and of Developments in Hydrobiology (No 63). Since 1986, work has been in hand to 
understand the maintenance and dynamics of phytoplankton in rivers. Overseas systems 
studied include lakes in Australia, Brazil, Chile, New Zealand and Portugal. Early 
experiences gained on naturally-enriched meres of English North-West Midlands.
This experience in the prediction and interpretation of assemblage structure and temporal 
variability has been applied to practical problems in water-quality management in a variety 
of short-term consultancies and contracts, which has included several modelling projects. 
Recovery of small lake after organic spill (British Petroleum 1976).
Growth and loss processes in phytoplankton community composition and dynamics (Dept, 
of Environment, 1977-1984).
Control of algal growth in spent-fuel storage ponds (British Nuclear Fuels, 1980).
Survey of Potential for Ecological Research of Brazilian lakes (Organisation of American 
States, 1981).
Operational strategies of eutrophic reservoirs in Essex (Anglian Water, 1981).
Water quality in Grasmere, English Lake District (North West Water 1982-).
Impact on phytoplarikton production in River Thames of enhanced abstraction (Thames Water, 
1983).
Phytoplankton productivity in Chilean reservoir (Universidad de Chile, 1984).
Reclamation of acidic, sand-excavation lakes (British Industrial Sands Ltd. 1985-). 
Eutrophication Management and Control (Instituut Voor Milieu-Systeemanalyse Amsterdam 
1986-1988).
Setting design criteria for ground-water cooling lakes in Saudi Arabia. (Irrigation Systems 
Company 1986).
Instruction to Water Authority Biologists in identification and interpretation of algae (Water 
Industry Training Association, 1986, 1987, 1988).
Cyanophyte dominance in lakes and reservoirs (DSIR, New Zealand, 1987).
Stored water quality in South Australian Reservoirs (State Water Authority of South Australia, 
1987).
Modelling algal growth kinetics in a proposed barrage lake (Cardiff Bay Development 
Corporation, 1987-8).
Model algal growth components (Hydraulics Research 1987).
Retainer Consultancy (BNFL, 1987).
Operational strategies for London (Lee Valley) Reservoirs (Thames Water, 1988).
Page 3
Post-barrage water quality, Severn Estuary (STPG, 1988).
Modelling algal growth kinetics in the proposed Tees Weir barrage (Teeside Development 
Corporation, 1989).
Design and operation improvements at the Whitacre - Shustoke Water Treatment 
Installation (Sir Alexander Gibb & Partners for Severn Trent Water).
Reservoir management (Essex Water Co.) (1990).
Appointed to NRA Toxic Algal Group to report to Secretary of State for Environment, 1990. 
Appointed by DoE to represent UK at UN/ECE Seminar on Ecosystem Approaches to,Water 
Management, and appointed by UN as rapporteur. (1990/91)
Major modelling contracts for NRA/Bristol Water Works/Southem Water. (1990/91)
Advise on algal problems, Broad Oak Reservoir for Binnie & Partners. (1991)
Advise on coastal impoundments NRA Welsh Region. (1991/2)
Prediction of algal problems, Avon Weir for Hydraulics Research Ltd. (1992)
Advise on algal models, Environmental Resources Ltd. (1992)
Developed computer models NRA Anglia Region (1992)
Developed dedicated software for algal growth, Hanningfield Reservoir (Essex Water) 1992
Joint edited symposial volume, in Ergebnisse der Limnologie series. (1992)
Joint edited symposial volume in Development in Hydrobiology. (1993)
Invited address on Toxic Algae to Public Health Laboratory Service employees (1991).
Other relevant experience
1960-1962: Employed in Pharmacology Dept, of May & Baker Ltd., Dagenham.
1965-1968: Research studentship, administered by FBA, funded by the (then) Nature 
Conservancy and registered for higher degree at Univ. of London.
1968-1969: Employed by Field Studies Council as Tutor in Biology and Geography at 
Preston Montford Field Centre. Still the best two years of my career!
1970: Supply teacher. Shropshire County Council
External Memberships and Appointments
1966- Member of Societas Intemationalis Limnologiae 
1966- Member of British Ecological Society
1966- Member of British Phycological Society (Member of Executive Committee 1978-1981) 
1981- Member of Editorial Board, "British Phycological Journal"
1986- Member of International Society for Diatom Research 
1986- Member of Editorial Board "Journal of Plankton Research"
1989- Member of Editorial Board "Aquatic Sciences"
1989- Sub Editor "Archiv fur Hydrobiologie"
1990- Member of Office of Water Services for North West
1991- Member of Editorial Board "Limnologica"
1992- Member of American Society for Limnology and Oceanography
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Elected member of South Lakeland District Council (since 1980; Chairman, Environmental 
Health Committee, since 1989);
Elected member of Kendal Town Council, since 1985.
Elected Town Mayor, 1992-93.
Elected Parent Governor, The Queen Katherine School, Kendal 1985.
Appointed Foundation Governor 1992.
Numerous other memberships of County Conservation Trusts, Charitable Institutions for 
Mental Health and Community Volunteers, Rail-User Groups, Parent Teacher Associations 
etc.
Language capability
Proficient only in English, but have limited working knowledge of the following.
Language Reading Speaking Writing
French good poor fair
Portuguese fair poor fair
German fair poor fair
Spanish fair poor poor
Scandinavian tongues poor nil nil
others no capability at all.
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